Background: We performed a meta-analysis to confirm the efficacy and safety of the combination of tamsulosin plus dutasteride compared with tamsulosin monotherapy in treating benign prostatic hyperplasia (BPH) during a treatment cycle of at least 1 year. Methods: Randomized controlled trials were searched by using MEDLINE, EMBASE, and the Cochrane Controlled Trials Register. Systematic review was carried out using the Preferred Reporting Items for Systematic Reviews and Meta-analyses. The data was evaluated and statistically analyzed by using RevMan version 5.3.0. Results: Five studies including 4348 patients were studied. The analysis found that the combination group was significantly greater effect in international prostate symptom score (mean difference [MD], − 1.43; 95% confidence interval [CI], − 2.20 to − 0.66; P = 0.0003), prostate volume (MD, − 10.13; 95% CI, − 12.38 to − 7.88; P < 0.00001), transitional zone volume (MD, − 3.18; 95% CI, − 3.57 to − 2.79; P<0.0001), maximum urine flow rate (MD, 1.05; 95% CI, 0.82 to 1.29; P < 0.00001), prostate specific antigen (MD, − 0.54; 95% CI, − 0.80 to − 0.29; P < 0.0001) and post-void residual volume (MD, − 3.85; 95% CI, − 4.95 to − 2.76; P < 0.00001) compared with the tamsulosin group. In terms of safety, including adverse events (odds ratio [OR], 2.06; 95% CI, 1.34 to 3.17; P = 0.001), erectile dysfunction (OR, 2.24; 95% CI, 1.73 to 2.92; P < 0.00001), ejaculation disorder (OR, 3.37; 95% CI, 1.97 to 5.79; P < 0.0001), retrograde ejaculation (OR, 2.30; 95% CI, 1.08 to 4.93; P = 0.03), decreased libido (OR, 2.25; 95% CI, 1.53 to 3.31; P < 0.0001) and loss of libido (OR, 3.38; 95% CI, 1.94 to 5.88; P<0.0001), the combination group showed poor tolerance than the tamsulosin group with the exception of dizziness (OR, 1.16; 95% CI, 0.75 to 1.80; P = 0.50). The combination group significantly reduced the risk of clinical progression than the tamsulosin group especially in incidence of BPH-related symptom progression (OR, 0.56; 95% CI, 0.46 to 0.67; P < 0.00001) and acute urinary retention (OR, 0.61; 95% CI, 0.38 to 0.98; P = 0.04). Conclusion: The combination of tamsulosin plus dutasteride provides a preferable therapeutic effect for BPH with a higher incidence of sexual side effects, but combination-therapy can markedly reduce risk of BPH-related symptom progression and acute urinary retention relative to tamsulosin monotherapy.
Background
Benign Prostatic Hyperplasia (BPH) is a progressive disease that causes lower urinary tract symptoms (LUTS) which substantially affect quality of life for many patients [1, 2] . Men with BPH can result in more severe LUTS, as well as other symptoms and episodes such as reduction of urinary flow rate, increased incidence of urinary infection, acute urinary retention and increased incidence of surgery for BPH, which have a greater unpleasant impact on the patient's quality of life [3, 4] .
Dihydrotestosterone (DHT) is the primary androgen responsible for the excessive growth of the prostate that is characteristic of BPH, which is converted from testosterone by the catalysis of 5α-reductase (5AR) in the prostate gland [5, 6] . Besides, 5AR can take part in steroid metabolism and have a tight interaction with the androgen receptor than testosterone [7] . The excessive expression of DHT would trigger the proliferation of prostate epithelial and mesenchymal cells and lead to the development of BPH [8] .
5AR inhibitors (5ARI) can lower the serum concentration of DHT and control the development of prostate and the progression of BPH by inhibiting this enzyme [9] . Dutasteride, a selective inhibitor of the type 1 and type 2 5ARI, is the most frequently prescribed 5ARI [10] . However, the latest clinical trials have found that the effectiveness of dutasteride was limited by its side effects, mainly involving erectile dysfunction, ejaculation disorder and decreased libido [11] . Tamsulosin, as an efficient α1-blockers, improves dysuria and other BPH symptoms by selectively blocking α 1 A-adrenergic receptor in the prostate to relax the smooth muscles of the prostate [12] . In view of the unique mechanism of tamsulosin and dutasteride, the combination of these two drugs was feasible and have already been examined in some clinical studies [13, 14] . At present, there is no evidence of evidence-based medicine to explain the advantages and disadvantages of the combination of tamsulosin plus dutasteride compared with tamsulosin monotherapy.
We performed a meta-analysis to confirm the efficacy and safety of the combination of tamsulosin plus dutasteride compared with tamsulosin monotherapy in treating BPH during a treatment cycle of at least 1 year.
Methods

Study design
Systematic review of randomized controlled trials (RCTs) was carried out using the preferred reporting items for systematic reviews and meta-analyses (PRISMA) checklist [15] .
Search strategy
WE searched MEDLINE (1992 to Jul 2018), EMBASE (1995 to Jul 2018) and the Cochrane Controlled Trials
Register to collect studies investigating the combination of tamsulosin plus dutasteride versus tamsulosin alone in treating BPH. The search formula was as follows: "tamsulosin, dutasteride, BPH and RCT". All articles were browsed and read independently by two authors, and if there was any objections, it was referred to the third person for examination. The study was limited to published research with no restrictions on language. If the study was a review or summary presented at the meeting, it would be excluded. Authors were contacted to offer further information from their research if necessary. Furthermore, the search was also performed to investigate relevant references from the retrieved studies.
Inclusion criteria and trial selection
RCTs that met the following criteria were included: (1) The combination of tamsulosin plus dutasteride versus tamsulosin alone in treating BPH were evaluated; (2) Full-text content and related data can be obtained; (3) The study provided accurate data that could be analyzed, mainly including the total number of subjects and the valuable results of each indicator; (4) The article was a randomized controlled study; (5) Treatment duration is greater than or equal to 1 year. If the identical experiment was published in different journals or at different time, the latest study was included in the meta-analysis. If the same group of researchers studied a group of subjects with multiple experiments, then each study was included. The PRISMA flow diagram of study selection and elimination is shown in Fig. 1 .
Quality assessment
The Jadad Scale was used to assess the quality of each RCT [16] . Additionally, the methods of quality assessment, including method of patient allocation, concealment of allocation, blinding method and number of lost to follow-up, were used to analyze the quality of individual study. Individual studies were assessed on the basis of guidelines published in the Cochrane Handbook for Systematic Reviews of Interventions v5.10 [17] . Every article was evaluated and classified based on quality assessment criteria: (A) Satisfying almost all of the quality criteria, it would be considered to have a low probability of bias; (B) Ambiguous about one or more quality criteria, the study was considered to have a secondary probability of bias; or (C) Barely met the quality criteria, the study was considered to have a high probability of bias. All authors participated in the quality assessment of RCTs retrieved, eventually everyone agree with the results of the assessment. All authors participated in the quality assessment of RCTs retrieved. Differences regarding the quality assessment were resolved by discussion among the researchers.
Data extraction
Two authors independently collected data from the articles based on predetermined criteria. The following information was collected for each study: (A) Publication time; (B) Name of first author; (C) Patient's received therapy; (D) Capacity of sample; (E) Data on international prostate symptom score (IPSS), prostate volume (PV), transitional zone volume (TZV), maximum urine flow rate (Qmax), prostate specific antigen (PSA), post-void residual volume (PVRV), adverse events (AEs), erectile dysfunction, ejaculation disorder, retrograde ejaculation, decreased libido, loss of libido, dizziness, BPH-related symptom progression, BPH-related acute urinary retention, BPH-related urinary incontinence, BPH-related urinary tract infection and BPH-related renal insufficiency. These results had clinical significance because they made a measurable impact at patients. No ethical approval was required for our study.
Statistical analyses and meta-analysis
The data was calculated by using RevMan version 5.3.0 (Cochrane Collaboration, Oxford, UK) [18] . We analyzed the data of the change of IPSS, PV, TZV, Qmax, PVRV and PSA between the combination of tamsulosin plus dutasteride and tamsulosin monotherapy in treating BPH. In addition, we also analyzed the number of AEs, erectile dysfunction, ejaculation disorder, retrograde ejaculation, decreased libido, loss of libido, dizziness, BPH-related symptom progression, BPH-related acute urinary retention, BPH-related urinary incontinence, BPH-related urinary tract infection and BPH-related renal insufficiency. Fixed and random effects models were used to evaluate the study. Mean difference (MD) was used to access continuous data and the odds ratio (OR) for dichotomous results with the corresponding 95% confidence interval [CI] [18] . The result of analysis showed p-value>0.05, we considered the study to be homogeneous and fixed-effect model was used to the analysis. We analyzed inconsistency using the I 2 statistic which reflected the proportion of heterogeneity across trails. A random effect model is used for results where the I 2 value is greater than 50%. If p-value was less than 0.05, we thought it's statistically significant.
Results
Characteristics of individual studies
Our search strategy found 184 articles. Reviewing abstracts and titles, we excluded 150 articles. With the remaining 34 articles, 21 articles were excluded due to lack of effective data and one article [19] on drug management is not clear. 8 articles described the same data and 7 articles was excluded. Finally, 5 articles containing 5 RCTs [20] [21] [22] [23] [24] were included in our study to analyze the combination of tamsulosin plus dutasteride versus tamsulosin alone in treating BPH during a treatment cycle of at least 1 year. The details of individual study were counted in Table 1 . Patients with symptomatic BPH included in each study showed similar evaluation indicators. The baseline characteristics of the population included were showed in Table 2 .
Quality of the individual studies
All studies included in the analysis were the random control study, and two studies [21, 24] specified a random protocol. Four studies [20] [21] [22] [23] had a appropriate calculation of sample size and one study [24] did not calculate the sample size. Two studies [22, 23] showed an intention-to-treat analysis. However, in all studies, the specific methods of blind did not explicitly explaining with their Jadad scores rating B. All studies were included in the analysis regardless of the grade of quality ( Table 3 ). The plot was highly symmetrical and five squares were contained in the large triangle, and no evidence of bias was found (Fig. 2) .
Efficacy IPSS
Four RCTs enrolling 4274 participants were used to analyze the change of IPSS. The higher heterogeneity was found among studies (P = 0.0003, I2 = 77%). The forest plots indicated a greater decrease for IPSS in the combination group compared with the tamsulosin group (MD -1.43, 95% CI -2.20 to − 0.66, P = 0.0003) (Fig. 3a) .
PV
Three RCTs enrolling 3532 participants were used to analyze the change of PV. The higher heterogeneity was found among studies (P<0.00001, I 2 = 94%). The combination group was significantly superior to the tamsulosin group in reducing PV (MD -10.13, 95% CI -12.38 to − 7.88, P<0.00001) (Fig. 3b) .
TZV
Two RCTs enrolling 311 participants were chosen in the analysis of the change of TZV. The combination group was significantly superior to the tamsulosin group in reducing TZV (MD -3.18, 95% CI -3.57 to − 2.79, P<0.00001) (Fig. 3c) .
Qmax
Three RCTs enrolling 3532 participants contained data on the Qmax. A fixed-effects model showed a marked differences between the combination group and the tamsulosin group in improving Qmax (MD 1.05, 95% CI 0.82 to 1.29, P<0.00001) with the lower risk of heterogeneity (P = 0.63, I 2 = 0%) (Fig. 4a ).
PSA and PVRV
Two RCTs enrolling 311 participants was extracted on data related to PSA and PVRV. The combination group was obviously superior to the tamsulosin group in lowering PSA (MD -0.54, 95%CI -0.80 to − 0.29, P<0.0001) (Fig. 4b) and PVRV (MD -3.85, 95%CI -4.95 to − 2.76, P<0.00001) (Fig. 4c) .
Safety AEs
Four RCTs containing a sample size of 4230 participants evaluated the incidence of AEs. The meta-analysis showed a significant distinction between the combination group and tamsulosin group in the rate of AEs across four studies (OR 2.06, 95% CI 1.34 to 3.17, P = 0.001) (Fig. 5a ).
Erectile dysfunction
Four RCTs including 4230 participants accessed the severity of erectile dysfunction. A fixed-effects model showed a obvious significance between the combination group and tamsulosin group in the rate of erectile dysfunction (OR 2.24, 95% CI 1.73 to 2.92, P<0.00001) (Fig. 5b) .
Ejaculation disorder
Three RCTs including 4037 participants analyzed the severity of ejaculation disorder. A fixed-effects model showed a statistical significance between the combination group and tamsulosin group in the occurrence rate of ejaculation disorder (OR 3.37, 95% CI 1.97 to 5.79, P<0.0001) (Fig. 6a) .
Retrograde ejaculation
Three RCTs including 4156 participants contained data on retrograde ejaculation. A random-effects model showed a larger number in the combination group compared with tamsulosin group in the occurrence of retrograde ejaculation (OR 3.37, 95% CI 1.97 to 5.79, P<0.0001) (Fig. 6b) .
Decreased libido
Four RCTs including 4230 participants contained data on decreased libido. The combination group had a larger number in the decreased libido (OR 2.25, 95% CI 1.53 to 3.31, P<0.0001) (Fig. 7a ) compared with tamsulosin group.
Loss of libido
Two RCTs containing a sample size of 3963 participants accessed the severity of loss of libido. A fixed-effects model showed a significantly higher incidence in the combination group compared with tamsulosin group in the occurrence of loss of libido (OR 3.38, 95% CI 1.94 to 5.88, P<0.0001) (Fig. 7b) . 
Dizziness
Three RCTs with a sample of 4156 participants accessed the incidence of dizziness. The combination group had a similar number on the dizziness (OR 1.16, 95% CI 0.75 to 1.80, P = 0.50) (Fig. 7c ) compared with tamsulosin group.
BPH clinical progression after drug administration
Two RCTs with a enough sample size of 3963 participants accessed the extent of BPH clinical progression after drug administration. In view of BPH-related symptom progression, which was the most common progression event in each group, the study found the tamsulosin group had a larger number (OR 0.56, 95%CI 0.46 to 0.67, P<0.00001) (Fig. 8a ) compared with the combination group. In terms of BPH-related acute urinary retention, the tamsulosin group had a higher incidence than the combination group (OR 0.61, 95% CI 0.38 to 0.98, P = 0.04) (Fig. 8b) . In other aspects of BPH-related clinical progression, mainly containing urinary incontinence, urinary tract infection and renal insufficiency, no significant differences were found between the two treatment groups (Fig. 8c, d , e).
Discussion
BPH is a progressive condition characterized by prostate growth accompanying LUTS and sexual dysfunction [25, 26] . Clinical treatment of BPH with 5ARIs and/or α1-blockers has been front-line treatment, and the two drugs showed different mechanisms of action to influence the progression of prostate [27] . Currently, European Association of Urology (EAU) guidelines recommend to offer combination treatment with an α1-blocker and a 5ARI to men with moderate-to-severe LUTS and an increased risk of disease progression (e.g. prostate volume > 40 mL) [28] . The latest prospective study found that the combination of tamsulosin plus dutasteride was more efficient than placebo in treating LUTS and may contribute to ejaculation disorders especially in sexually active men with BPH [14] .
We performed this meta-analysis for five studies including 4348 participants to compare the efficacy and safety of the combination of tamsulosin plus dutasteride compared with tamsulosin monotherapy in treating BPH A, almost all quality criteria met: low risk of bias, B, one or more quality criteria met:moderate risk of bias; C, one or more criteria not met: high risk of bias; ITT, intention-to-treat during a treatment cycle of at least 1 year. The analysis demonstrated that the combination-therapy had greater decrease than the monotherapy in aspects of IPSS, PV, TZV and PVRV. Three RCTs containing data on Qmax showed a marked improvement in the combination therapy relative to the tamsulosin group. Overall, the results suggested that combination therapy of tamsulosin plus dutasteride was more effective than tamsulosin monotherapy in patients seeking improvement in symptoms.
Deslypere et al. [29] found that the progress of BPH were inseparable from the vary of DHT which has a high affinity for androgen receptor and an inhibitory effect on testosterone. Previous studies have suggested that the most popular combination therapy which was found to offer a statistically significant improvement than monotherapy was finasteride plus tamsulosin [30] . Currently, dutasteride inhibits two subtypes of 5AR, and has a 45 times greater affinity for type I and a 2.5 times greater affinity for type II than finasteride. As a result of this higher affinity, dutasteride effectively inhibits DHT much more rapidly than finasteride [31, 32] . Our study found that dutasteride can also be used as an effective ingredient in combination medication, which may be even superior to past management. Further clinical studies are needed to explain the effect of different combination of drug on treating BPH. For safety, including AEs, erectile dysfunction, ejaculation disorder, retrograde ejaculation, decreased libido, loss of libido, the combination group had a higher incidence than the tamsulosin group with the exception of dizziness. These results stated that the physician should explain to patients potential side effects of long-term combination of tamsulosin plus dutasteride treatment before adopting this treatment. One study showed that long-term dutasteride therapy produced worsening of erectile dysfunction, reduced testosterone levels, increased glucose and altered lipid profiles, suggesting induced imbalance of metabolic function and deterioration of gonadal function [33] . Manohar et al. demonstrated that tamsulosin had a better effective in alleviating BPH symptoms and frequently produced a variety of adverse reactions, such as dizziness, decreased blood pressure, increased heart rate, occasional abdominal pain, nausea and allergic reactions [34] .
Two RCTs containing data on PSA demonstrated the combination group was obviously superior to the tamsulosin group in reducing serum PSA level. Reviewing pharmacological effect, 5ARI may cause the degradation of prostate tissue which is the major source of serum PSA, and inhibition of DHT by 5ARI indirectly lowered serum PSA levels [35] . Usually, PSA is a commonly used screening indicator for the diagnosis of prostate cancer. Schröder et al. have shown that long-term use of 5ARI can result in low PSA levels, which can lead to a significant reduction in the relevance ratio of prostate cancer and increase the rate of misdiagnosis [36] . Our analysis found that the combination group may be noteworthy in reducing diagnostic ratio of prostate cancer. If PSA has a significant change during the treatment of combination for patients suffering from BPH, we need to think about more possibilities.
About clinical progression after drug administration, the combination therapy can markedly lower risk of BPH-related symptom progression and acute urinary retention than tamsulosin monotherapy. In other BPH-related clinical progression, involving urinary incontinence, urinary tract infection and renal insufficiency, no significant differences were found among two treatment groups. Tamsulosin can selectively block α1-adrenergic receptor in the prostate to relax the smooth muscles of the prostate, expanding the prostatic part of the urethra, changing the symptoms of urinary and reducing the possibility of acute urinary retention [12] . Correspondingly, 5ARI inhibits the growth of PV by suppressing the generation of DHT and relieves pressure on the urethra from the large prostate gland [31] . Eventually, The corporate action of the two drugs results in a reduced risk of clinical progression.
Besides, the CombAT study [22] showed that the combination of tamsulosin plus dutasteride is more effective to monotherapy in improving clinical symptoms (IPSS difference 0.4) and urine flow rate starting from the treatment of nine months, and superior to tamsulosin in reducing the incidence of urinary retention (68%) and surgery (71%) starting from the treatment of eight months. Above all, the combination of tamsulosin plus dutasteride provides a preferable therapeutic effect for BPH with a higher incidence of sexual side effects, but the combination therapy can markedly reduce risk of BPH-related symptom progression and acute urinary retention relative to tamsulosin monotherapy.
Our meta-analysis involved five RCTs and the quality of each RCT was high. We could not acquire the long-term efficacy and tolerance of combination therapy, and selection bias, subjective factors and publication bias may also affect the final results of our study. So it still needs a lot of RCTs including sufficient sample size and statistics to confirm our findings. More high-quality RCTs with suitable study cohorts are needed to ascertain the efficacy and tolerance of combination of tamsulosin plus dutasteride and tamsulosin monotherapy in treating BPH.
Conclusions
This meta-analysis suggests that the combination of tamsulosin plus dutasteride provides a preferable therapeutic effect for BPH with a higher incidence of sexual side effects, but the combination therapy can markedly reduce risk of BPH-related symptom progression and acute urinary retention relative to tamsulosin monotherapy. 
